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1.4 TYPES OF BOILING WATER REACTORS 
 
In a direct cycle BWR, (Figure 1.4-1) steam leaving the reactor passes directly to the 
turbine.  In an indirect cycle BWR, steam is passed to a primary coolant/secondary 
steam generator.  No economic incentive exists for the latter cycle, although it does 
possess some advantage in that radioactive particles from the primary coolant normally 
cannot transfer to the steam used in the turbine generator portion of the plant.  Dual 
cycle plants employ a combination of direct and indirect cycles.  The first large utility 
owned BWR (Dresden 1) employed this dual cycle concept.  Current BWRs use only 
the forced circulation direct cycle because it is more economical. 
 
In a forced circulation direct cycle reactor system, the nuclear fuel generates heat within 
the reactor vessel and boils the water, producing wet steam that passes through internal 
steam separators and dryers.  The water within the reactor is circulated through the 
core by two external recirculation pumps.  The steam is directed from the reactor to the 
turbine, entering the turbine steam chest at about 950 psi and 5400 F.  Steam leaving 
the high pressure turbine passes through the moisture separator/reheater units before 
being admitted into the low pressure turbines. The low pressure turbine's exhaust steam 
is condensed in the main condenser, which also provides system deaeration.  The 
condenser is followed by a full flow demineralizer system through which all condensate 
and makeup must pass before entering the feedwater heaters. 
 
The demineralizer system removes corrosion products produced in the turbine, 
condenser, and feedwater piping.  It also protects the reactor against condenser tube 
leaks and removes other sources of impurities which may enter the system in the 
makeup water.  The turbine cycle uses a conventional regenerative feedwater system.  
The feedwater temperature and the number of feedwater heaters are selected in 
accordance with normal power plant considerations of turbine cycle performance and 
economics. 
 
1.4.1 Forced Circulation BWRS 
 
Power density in a BWR core may be increased by using a mechanical pumping system 
to force the water through the core.  This is called a forced circulation BWR.  In this 
design a portion of the coolant in the annulus area between the core shroud and vessel 
wall is taken outside the vessel in recirculation loops, where it is increased in pressure 
by means of recirculation pumps.  Water at increased pressure is pumped from the two 
recirculation loops back into the bottom of the reactor pressure vessel via jet pumps.  
Flow orificing of the fuel support pieces provides desired flow distributions.  Water 
enters the core through the fuel assembly nosepieces and passes upward inside the 
channels containing the fuel bundles, where it is heated to become a two phase, steam-
water mixture.  The steam-water mixture leaves the top of the fuel assemblies and 
enters a plenum area above the core which directs the flow into the steam separators.  
Here the water is separated by centrifugal action.  The rejected water is returned to 
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recirculate through the pumping system.  The steam then passes through a dryer where 
the last traces of water are removed.  Dry steam exits through steam outlet nozzles at 
the top of the vessel body.  Feedwater is added to the system through thermally sleeved 
spargers located in the downcomer annulus to match the inventory leaving the vessel 
as steam, thereby maintaining a constant water level above the reactor core.  Here the 
feedwater joins the water rejected by the steam separators before entering the 
recirculation pumping system. 
 
1.4.2 Forced Circulation BWR Control Systems 
 
The fluid flow rates and reactivity level in a forced circulation direct cycle BWR require 
rigid control of steam flow from the reactor, of feedwater flow into the reactor, of 
recirculation flow through the reactor, and of control rod position.  The design of the 
control systems considers conventional power generation objectives, such as reliability, 
ease of operation, and response times of the controlling parameter.  Beyond the 
traditional power generation objectives, the control systems must incorporate features 
specific to reactivity control and nuclear plant safety.  These considerations involve 
effects on moderator temperature, fuel temperature, and void content as a function of 
steam pressure; steam generation and feedwater input; fuel exposure; and automatic 
shutdown of the nuclear chain reaction during unsafe or potentially unsafe conditions. 
 



 

 Figure 1.4-1 Boiling Water Reactors In Various Systems 

BWR

BWR

BWR

FORCED CIRCULATION, DUAL CYCLE

NATURAL CIRCULATION, DIRECT CYCLE

FORCE CIRCULATION, DIRECT CYCLE

DRESDEN 1 (BWR/1)

HUMBOLDT BAY (BWR/1)

BIG ROCK POINT (BWR/1)
OYSTER CREEK (BWR/2)
DRESDEN 2&3 (BWR/3)
BROWNS FERRY (BWR/4)
LASALLE 1&2 (BWR/5)
GRAND GULF 1&2 (BWR/6)

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


